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ABSTRACT
The Universityof Hertfordshire,in collaborationwithtwoUK
agriculturalestablishmentsaredevelopingadecisionsupportsystem
for environmentalmanagementin arableagriculture.The system
aims to encourageand promotebest practice.Significant
environmentaleffectsfromarableagriculturearisefromtheuseof
fertilisers,pesticidesandunsustainablesoilmanagementpractices.
The software'sassessmentroutinesdetermineeco-ratingsand
textualdescriptionsof performanceby comparingactualpractices
with bestpractice.To providea full farm assessment,other
activitiessuchas energyandwateruse,wastemanagementand
intensivelivestockhusbandryare also included.The system
incorporatesmoduleswhichallow'whatif scenariostobeexplored
and a hypertextinformationsystemwhich includeslegislation,
codesof bestpractice,a sciencelibrary,glossary,index,contacts
..databaseand informationon formalenvironmentalmanagement
andfarmauditing.
1.0INTRODUCTION
Therehavebeendramatichangesduringthelastcenturytoagriculturalpractices.
Thenumbersoffarmworkershasdecreasedanddependencyonfarmtechnologyand
mechanisationhasgrown.Thedesirefor greaterproductivityhascommittedmany
farmerstousingtechniqueswhichsometimeshavedetrimental.environmentaleffects
(NRA, 1994).Farmingpracticesareinfluencedsignificantlybysocial·andeconomic
factorsandfarmersareunderconsiderablepressureto producelargequantitiesof
goodquality,cheapfood.High cropyieldsrelyheavilyon theuseof nitrogenous
fertilisersandonpesticides.Theconsequentialenvironmentalimpactis significant.
A largeproportionof thenitrogenusedis leachedfromthesoil causingnutrient
enrichmentin waterbodiesandcontaminationof drinking water supplies.
Pesticidesarecontaminatingwater sources,thereis concernregardingresidue
levelsin freshproduceandsomeinsectsareresistanttocertainpesticides.Changes
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in livestockpracticeshavealso causedenvironmentalproblems.Traditionally,
livestockwaspastured,mixedfarmswerecommonandanimalwasteswererarelya
problem.Today, however,intensivelivestockpractices,often meanthere is
insufficientlandfor spreadingthemanuresproduced,largevolumesmustbestored
onsiteandtheriskofcausingapollutionincidentishigh.
Comparedwithmanyotherindustries,agricultureis relativelyunregulated.It is
probablytheonly industrywhichcan legallyspreadpotentiallytoxicchemicals
directlytothelandandasignificantproportionofall farminputsarewasted ueto
missingthetargetarea,throughdrift,drainage,runoffandvolatilisation.Theneed
fortheagriculturalindustrytoapplybestpracticeisveryapparent.Theintroduction
of environmentalmanagementsystemssuch as BS7750and the EU's Eco-
ManagementandAuditingScheme(EMAS)markedthebeginningofacommitment
toenvironmentalmanagementfor manyindustriesbutnotfor agriculture,probably
becausemarketbenefitsareperceivedas marginalandfarmersseeit as a time..
consummg,paperexercise.
Thereis no paucityof informationontheenvironmentalfateof pollutants,best
practiceandon environmentalsciencein general.Theproblemseemsto lie solely
withtechnologytransfer.Muchof theinformationavailableis producedbyscientists
for scientistsor for policymakersandnotin a formatreadilysuitablefor farmers.
Thereis aneedforadecisionsupportsystemavailabletothefarmingindustrywhich
will helpthemdistilcurrentlyavailableinformationandproducea coherentaction
planspecificallydesignedfortheirownfarmwhichwill notjeopardiseprofitability.
2.0COMPUTERISEDENVIRONMENTAL ASSESSMENT
Sucha systemis currentlybeingdevelopedbytheUniversityofHertfordshire.As
is the casewith formalenvironmentalmanagementsystems,the computerised
systemaimstoenablequalityenvironmentalmanagement,morespecificallyit is:
•genericin thecontextofarableagriculture;
•pro-activebasedupontheprinciplesofanticipationandprevention;
•ongoing- seekingtoencouragecontinuousimprovements;and
•systematicbasedupondetailedocumentedprocedures.
The systemassessescurrentperformance,encouragesimprovements,identifies
significanteffectsandappropriater gulations,anddeterminesstimatesofemissions
in theformofaninventory.Performanceis measuredbycomparingactualpractices
withwhatis perceivedtobebestpractice.Themajoractivitiesof arableagriculture
whichsignificantlyimpacton the environmentarisefromthe improperuseof
fertilisers,pesticidesandfromunsustainablesoilpractices.Consequently,thesystem
focusesontheseareasandthesearedescribedbelow.In ordertoensurethatwhole
farmassessmentscanbe carriedoutandto givea moreintegratedapproachto
environmentalprotectionothermodulesallowthemoreperipheralactivitiesto be
assessedsuchas energyandwaterefficiency,resourceandwastemanagement,
farmlandconservationa dintensivelivestockhusbandry.FigureI showstheoverall
structureof the system.Individualeco-ratingsare determinedwhich are then
weightedandaggregatedtogiveasingleindexrelatingtotheoverallfarm.
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Figure1:ComputerSystemStructure
2.1FERTILISER ASSESSMENT
Theeco-ratingforfertiliseruse(FF) is derivedbycomparingactualfieldbyfield
applicationsof fertiliser(FA)withofficialquantitativer commendations(FR). These
recom!llendationsarebasedupontheeconomicoptimumquantitiesofnutrients(N,P
& K) requiredbytheplannedcropdependinguponsoiltypeandnutrientreserves.
Usinga simplerelativeerrorcalculationa base-line co-ratingis derived.This is
thenenhancedby consideringotherfactors(/{A))suchas applicationtiming,
rainfall,soilporosity,theproximityof surfaceandgroundwatersto, simplistically
establishameasureof environmentaldamagepotentialassociatedwithfertiliseruse.
Otherfarmpractices(/{P))specificallythestorageandhandlingof organicand
inorganicfertilisersandmachinerycalibrationaretakenintoconsiderationbyusing
a checklistauditapproachtogetherwith simplerankingandscoringtechniques.
Equation1illustratestheapproachusedoverall.FF is determinedforeachfield.The
overallfarmratingis derivedbysummingtheindividualfield ratingsweightedby
fieldsize.
(1)
2.1PESTICIDE ASSESSMENT
All pesticidesin theUK carrymandatorylabelprecautions(Whitehead,1996)
relatedto how and whenthat pesticidecan be used.Theseprecautionsare
establishedfromcomprehensivescientificdataproducedby themanufactureand
assessedbytheUK's MinistryofAgriculture,FisheriesandFood.Assessmentof the
farmersuseof pesticideshasbeenachievedusinga multi-criteriapproachbased,
amongstotherthings,ontheselabelprecautions.Theassessmentroutineshavebeen
sub-dividedintotwomainsections.Eachsectionproducinga separatesub-rating
whichisthenweightedandsummedtoproduceanoverallfieldvalue.
Thefirstsectionappliestofieldapplications.Theeco-rating(Pc)is determinedby
assessingthepotentialfor environmentalimpacton a fieldby field, sitespecific
basis.The base-lineratingis achievedusinga functionof the productslabel
precautions(LR) consideringanylocal sensitivenvironmentalreceptors(SER).
This is then enhancedby a functionbasedon a rangeof physico-chemical
parameters(Eai)which effectthe environmentalrisks of each of the active
ingredientswithin that formulation.These parametersinclude soil half-life,
solubilityandvapourpressure.Theoctanol-waterpartitioncoefficientKowreflects
bioaccumulationandtheorganic-carbonpartitioncoefficientKocusedwithinthe
GUS formula(Gustafson,1989)is usedtorepresentmobilityandgroundwaterrisk.
Eaiis determinedfor eachactiveingredientwithintheformulation.Thesevalues,
weightedby theamountof activeingredientapplied(Q), arethensummed.Pc is
determinedfor eachpesticideappliedto thefieldduringthegrowingseasonbeing
assessedandsummed.Thefull equation(2) is givenbelowwhere(X is a scaling
factor.Fieldspecificeco-ratingsarethenweightedbyfieldsizeandsummedtogive
afarmvalue.
Pc=f(LR, SER) +(X (L:aif(Eai . Q) ) (2)
A furthersectionof thepesticidesystemexaminesnon-cropandmanagement
practices.This includesstorage,wastemanagement,pre- and post-application
activities(e.g.machinerycalibration,assessinginfestationlevels,useof protective
clothingandequipmentandactualapplicationmethod).Thefarmuseof non-crop
pesticidesuchasrodenticidesandbiocidesarealsoexamined.Againa check-list,
multiplechoiceapproachasbeenusedtogetherwitha simplerankingandscoring
system.
2.3ASSESSINGSOIL SUSTAINABILITY AND PERIPHERAL ACTIVITIES
Twoof themainissuesrepresentingsoilsustainability(S,)aremaintenanceofsoil
nutrientandorganicmatterlevelsandprotectionofsoilstructure.A knowledgebase
ofbestpracticederivedfromtheCodeofPracticefortheProtectionof Soil (MAFF,
1993)andfromheuristicselicitedfromexpertswasusedtocompareactualpractices
with thoseseenas environmentallysoundto determinean eco-ratingof soil
sustainability.This valueis thenfurtherrefinedusinga simplerisk assessmentof
soilerosionbaseduponparameterssuchassoiltype,cropcover,averagerainfalland
protectionpractices.(Chambersetai, 1992).
Similarapproachesto thosedescribedabovehavebeenusedtoassessperipheral
arablefarmingactivitiesuchaswaterandenergyefficiency,resourceandwaste
management,conservationand livestockhusbandry.The main body of these
assessmentroutinesusesacheck-listapproachtorankandscoreactualpractices.
Althoughtheeco-ratingsprovidethesystemuserwithanelementaryindicatorof
environmentalperformance,thesoftwaregoesmuchfurthertowardsenvironmental
assessment.Each rulehasassociated'consequences'attachedto it. For example
whereexcessnitrogenhasbeenappliedto thelandan estimateof theamountof
nitrateleachingfromthesoilcanbedeterminedascantheamountofmoneywasted.
With respecttoenergyassessment,aswellasevaluatingefficiency,estimatesof air
pollutantemissions(carbondioxide,carbonmonoxide,sulphurdioxideandoxidesof
nitrogen)arederived.
3.0 SUPPORTSOFTWARE
In supportof theassessmentroutines,thecomputersystemincorporatesa number
of modulesto explore'what-if scenarios.Theseincludea moduleto studyhow
inorganicnutrientrequirementschangewith crop,soil type,soil fertilityandthe
amountof animalmanuresadded.Anotherexampleis a modulewhichhighlights
theenvironmentalriskassociatedwithdifferentpesticides.
A hypertextinformationsystemis fully integratedacrossthe softwarewhich
providesinstanton-lineaccessto codesof practice,legislationand regulation,
glossaries,indexanda contactsdatabases.Figure2 showsa schematicdiagramof
theintegratedstructureofthedecisionsupportsystemasawhole.
Thesystemdescribedherehelpstoencouragesoundenvironmentalpracticewithin
arableagriculture.The simplistic,yetnovel,approachin derivingtheeco-rating
valueallowsquantitative,qualitativeandheuristicaldatatobeutilisedallofwhichis
easilyobtainablebythefarmeror integratedintothesystemwithintheknowledge
anddatabases.On amorepracticalleveltheeco-ratingsarefarmspecificindicators
of environmentalperformanceandmaybe seenas chartingtheprogresstowards
sustainability.
4.0CONCLUSION
The systemis designedto be usedby consultantsand farmersto review
environmentalperformanceand to monitorprogress.The systemis broadly
comparablewith the aims and objectivesof more formal environmental
managementsystemsuchas theUK's standardBS7750,theEuropeanUnions
EMAS andtheforthcomingISO14001 in thatit helpsidentifypriorityareasfor
action,encouragescontinuousimprovementsandallowsmonitoringin thelightof
targetsandobjectives.
* Eco-ratings & text info * Significant effects
* Actions & priorities * Emissionsinventory
Figure2:DecisionSupportSchematic
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